The aetiology of osteoarthritis of the hip remains an enigma. Recent advances in the understanding of labral and chondral injury, through the concept of femoroacetabular impingement 1 have, however, expanded the concept of the developmental internal derangement of the hip proposed by Harris, 2 and have shed light on the mechanism that causes early joint degeneration in young patients with apparently normal hip joints. [3] [4] [5] [6] Femoroacetabular impingement is thought to cause damage to the acetabular cartilage and labrum by reducing the clearance between the anterior aspect of the femoral neck and the corresponding anterosuperior segment of the acetabular rim during hip flexion and adduction. This reduced clearance is accentuated by concomitant internal rotation of the femur. Kubiak-Langer et al 7 were able to confirm this reduced range of movement using a validated, non-invasive three-dimensional CT-based model for kinematic hip analysis with a fixed rotational centre. After performing virtual surgery, they demonstrated a measurable improvement in internal rotation which, in cases of combined (cam and pincer) impingement, reached a mean value of 15.7°.
Using positional MRI, Wyss et al 8 showed a strong correlation (r = 0.97) between internal rotation at 90° of hip flexion and the free space between the relevant bony contours of the femur and the acetabulum, both in patients with femoroacetabular impingement and in asymptomatic control subjects. Interestingly, the authors noted a 12% overlap in the range of internal rotation between patients and asymptomatic individuals, and raised the question of the role of activity in the development of symptomatic impingement.
Further corroboration of this argument has been offered by Yamamura et al, 9 who, using open-configuration MRI, demonstrated the presence of femoroacetabular impingement in all five asymptomatic volunteers kneeling with the thighs apart so that the hips assume a position of combined flexion-internal rotation (the W-sitting position). This finding, combined with the well-known low incidence of osteoarthritis of the hip in the Asian population 10 in the absence of dysplasia, disagrees with other reports [3] [4] [5] [6] and suggests that femoroacetabular impingement alone might not be sufficient for the development of osteoarthritis of the hip.
THE JOURNAL OF BONE AND JOINT SURGERY Despite our improved insight into the pathomechanics of the hip, it is not yet clear which particular patients with impingement will eventually develop osteoarthritis of the hip. Femoroacetabular impingement is a broad term, encompassing structural abnormalities on the femoral and the acetabular side. Our hypothesis was that not all hips with femoroacetabular impingement are equally likely to develop osteoarthritis, and in those that do, progression is highly variable, suggesting that other coexisting structural factors might govern the development and the rate of degeneration. We performed a longitudinal retrospective radiological study to investigate the validity of this hypothesis by asking two research questions: do any radiological parameters, each indicative of a structural aspect of the morphology of the hip joint, render the hips of young or middle-aged patients with femoroacetabular impingement prone to rapid progression of degenerative joint disease? If so, which of those parameters best account for this observation?
Patients and Methods
Our institution's database was used to retrieve plain radiographs and medical records of patients under 55 years of age with a history of symptomatic idiopathic arthritis, first seen by the senior author (RNV) no later than 1997.
Patients were then pre-selected for the study on the basis of the availability of plain anteroposterior (AP) radiographs obtained at a minimum of ten years apart. Radiographs were further scrutinised for the presence of femoroacetabular impingement (cam type), as diagnosed by the presence of a discernible reduced superior offset at the femoral head neck junction (pistol-grip deformity).
Patients were excluded if one of the following was present on the hip to be studied on the original radiograph: advanced osteoarthritis (Tönnis grade 3), 11 hip dysplasia, defined by the simultaneous presence of a centre-edge angle of Wiberg < 20° and a Tönnis angle > 14°, 12 and a history of inflammatory arthritis, osteonecrosis of the femoral head or significant trauma (acetabular/proximal femoral fracture). Additional exclusion criteria were radiographs of inadequate quality, defined as the appearance of obturator foramina projected asymmetrically; the distance between symphysis pubis and coccyx (> 1 cm to 1.5 cm). Of 90 patients (111 hips), 47 (52.2%) with 64 hips (57.7%) were excluded. This left 43 patients under 55 years of age (47 hips). Basic demographic data were obtained from the medical records.
All radiological assessments were performed by a single observer (NVB). For each patient, the earliest and latest radiographs available were selected for review but each pair of films was not blinded. This would have been impractical, first, because the obvious change in the degree of degenerative changes on the late film would eliminate any possibility of blinding, and secondly, because some patients had their two radiographs taken at different institutions. The different layout of the two films would again make blinding impossible. The centre of the femoral head was located with the use of Mose circles. The severity of osteoarthritis was recorded according to the Tönnis classification. 11 Radiological measurements (Table I ) performed on the initial film included the α angle, 13 the neck-shaft angle, 14 the Tönnis angle, 12 the centre-edge angle of Wiberg, 15 and the anatomical medial proximal femoral angle. 14 This has been described for use on long (51-inch), standing films of the lower limbs. In order for us to apply it on AP pelvic radiographs, we modified it as the angle subtended by a line connecting the centre of the femoral head to the tip of the greater trochanter and a second line, representing the anatomical axis of the femur, between the piriformis fossa and the midpoint of the most distal visible part of the femur (Fig. 1) .
The radiographs were also assessed for the presence of localised over-coverage, shown radiologically by the cross-over 16 and posterior wall 17 signs (Table I) , or generalised over-coverage of the femoral head demonstrated as coxa profunda or protrusio acetabuli. Coxa profunda was defined as the floor of the acetabular fossa being in contact with the ilioischial line. 18 Protrusio acetabuli was present if the floor of the acetabulum protruded medially to the ilioischial line. 19 We classified the cross-over sign, when present, as mild, moderate or severe, depending on the level at which the anterior and posterior acetabular walls intersected. Intersection at the superior third of the acetabulum was classified as mild, whereas intersections at the middle or inferior thirds of the acetabulum were characterised respectively as moderate or severe. This classification served as a means of assessing acetabular retroversion. Grading of osteoarthritis was repeated on the final radiograph. For the purpose of statistical analysis, an identical grade was allocated for the presence of advanced disease (Tönnis grade 3) or prosthetic replacement in situ.
All radiological measurements were repeated by the same observer (NVB) at a minimum of six weeks after they were first performed. Intra-observer repeatability was evaluated with the use of κ statistics for categorical variables and the intra-class correlation coefficient for continuous variables. The normality of the continuous data was checked with the Kolmogorov-Smirnov test. Student's independent-samples t-test was used for comparison of normally distributed continuous data, and the Mann-Whitney U test for continuous data which were not normally distributed. For the latter, results are reported as median, rather than mean, values. Fisher's exact test was used for analysis of categorical data. A logistic regression analysis model was constructed to further investigate significant correlations. In the case of four patients who had bilateral hip problems eligible for inclusion in the study, only one hip was randomly selected from each, so that the statistical assumption of independent observations was fulfilled. SPSS for Windows version 15.0 (SPSS Inc., Chicago, Illinois) was used for all statistical analyses. Statistical significance was set at a value of p < 0.05.
Results
Repeatability tests. With the exception of the presence of coxa profunda (κ = 0.72, good intra-observer agreement), categorical variables demonstrated very good (κ ≥ 0.81) 20 intra-observer agreement (Table II) . The κ coefficients for the Tönnis classification of osteoarthritis were 0.85 (95% confidence interval (CI) 0.69 to 1.00) and 0.89 (95% CI 0.78 to 1.00) for the initial and final radiographs, respectively. There was complete intra-observer agreement for the parameter of protrusio acetabuli, which was therefore excluded from repeatability analysis. Descriptive statistics. We identified 47 hips in 43 patients (35 men, eight women) who were eligible for study. Because only one hip was randomly included from each of the four bilateral cases, the study group comprised of 43 hips. The median patient age at the time the first radiograph was taken was 54 years (28 to 55). The two radiographs examined for each hip were spaced at a mean of 127.1 months (120 to 189) apart. The right hip was involved in 17 patients and the left hip in 26. Of the 43 hips, there were three with a Tönnis angle > 14° (18°, 22° and 17°), but these were included in the study because their centre-edge angles were normal (30°, 27°a nd 32°, respectively). No patient received any surgical intervention in the hips under investigation, other than prosthetic replacement in ten (total hip replacement (THR) in eight and hip resurfacing arthroplasty in two), where the osteoarthritis progressed to end-stage (Tönnis grade 3) arthritis more than ten years after first being seen.
On the initial radiographs, 29 hips had mild (Tönnis grade 1) osteoarthritis and 14 had moderate (Tönnis grade 2) osteoarthritis. The two groups did not differ Angle subtended by the anatomical axis of the femur and a line connecting the centre of the femoral head and the tip of the greater trochanter ( Fig. 1) 84 (80 to 89)
Cross-over sign 16 The outline of the anterior acetabular rim projects lateral to the posterior rim at the most proximal aspect of the acetabulum
Absent
Posterior wall sign 17 The centre of the femoral head is located lateral to the outline of the posterior acetabular rim Absent * MPFA, medial proximal femoral angle (anatomical)
significantly in their median age, which for the grade 1 group was 54 years (47.5 to 55) and for the grade 2 group was 54 years (50 to 55) (Mann-Whitney test, p = 0.94). The results of the radiological measurements made on the initial films are summarised in Table III. The prevalence of signs of over-coverage of the femoral head is shown in Table IV. The cross-over sign was positive in 16 hips. A mild cross-over sign was present in eight hips. In seven hips the cross-over was classified as moderate and severe in one hip. The posterior wall sign was positive in 11 hips. Coxa profunda was observed in six and no hip had protrusio acetabuli. Progression of osteoarthritis. Examination of the final radiographs for each patient showed progression of osteoarthritis in 28 hips. There was no difference in the prevalence of progression between the hips with initial grade 1 or grade 2 osteoarthritis (Fisher's exact test, p = 0.31; Fig. 2 ). The two groups (progression or no progression) were compared for differences in the radiological measurements (Table V) . A statistically significant difference was found for the medial proximal femoral angle (p = 0.004, Mann-Whitney U test, Fig. 3 ) and the presence of the posterior wall sign (p = 0.02, Fisher's exact test). Albeit not statistically significant, a considerable difference between the two groups was also noted for the presence of the cross-over sign (54% vs 27%, p = 0.08).
Logistic regression analysis. In order to further model these relationships, we constructed a logistic regression analysis model between progression of osteoarthritis (dependent variable) and the medial proximal femoral angle and the presence of a posterior wall sign (covariates). The absence of multicollinearity was confirmed by inspection of the standard errors for each covariate (0.1 for medial proximal femoral angle; 1.66 for posterior wall sign). 21 The model demonstrated a predictive ability of approximately 35% (Nagelkerke R square 21 0.349). Both the medial proximal femoral angle (Wald estimate 21 5.3, p = 0.021) and the posterior wall sign (Wald estimate 21 3.95, p = 0.047) were shown to be important risk factors for progression of osteoarthritis, with the medial proximal femoral angle taking precedence. The odds ratios were 20.6 (95% CI 3.4 to 34.8) for the medial proximal femoral angle and 10.2 (95% CI 1.0 to 99.8) for the posterior wall sign. In other words, a reduction of 1° in the medial proximal femoral angle increases the odds of the osteoarthritis progressing by 20.6 times (95% CI 3.4 to 34.8). Osteoarthritis in a hip with a positive posterior wall sign is 10.2 times (95% CI 1.0 to 99.8) more likely to progress within the studied period (ten years) than is a hip that has a negative posterior wall sign. The overall accuracy of the model to predict hips where the osteoarthritis will progress was 78.6% (positive predictive value 82.1%; negative predictive value 71.4%; sensitivity 85.2%; specificity 66.7%; cut value of the probability of progression 0.5).
Discussion
The link between femoroacetabular impingement and osteoarthritis of the hip has now been firmly established. Tanzer and Noiseux 6 found a close association between a pistol-grip deformity of the femur and pain, labral tears and frank arthritis. In their subgroup of 125 patients after THR, a pistol-grip deformity was uniformly found. The theory of mechanical derangement of the hip through repetitive impingement of the femur and the acetabular rim is currently the most frequent explanation for osteoarthritis of the hip. 3, 22, 23 However, everyday clinical practice dictates that not all hips with an obvious cam-type impingement are equally susceptible to the development or rapid progression of osteoarthritis. Not infrequently, we have come across patients with hip joints that stand the test of time with minimal or no symptoms. In the present study, which to the authors' knowledge is the first of its kind, we have demonstrated that other factors, relating to the structure of each hip joint, may play an important role in accelerating the osteoarthritic process. Although the use of the triangular index has recently been described as being more reliable than the α angle in assessing cam impingement on AP plain radiographs with varying degrees of hip rotation, 11 we used the α angle, which was shown to be highly inter-related to the triangular index 13 and with which most surgeons are familiar.
In this respect, we showed that the geometry of the proximal femur, as measured by the anatomical medial proximal femoral angle, and the structure (version) of the acetabulum, represented by the posterior wall sign, both increase this susceptibility to osteoarthritis of an already vulnerable joint. A lower medial femoral proximal angle, indicating coxa vara, overgrowth of the greater trochanter, or both, and a positive posterior wall sign, indicating localised over-coverage of the femoral head by the acetabulum, correlated with progression of osteoarthritis and were components of a regression analysis model with valuable (from a clinical standpoint) predictive ability (35%). The model showed that the medial femoral proximal angle plays a more important role than the posterior wall sign (Wald estimates, 5.3 and 3.95 for the medial femoral proximal angle and posterior wall sign, respectively).
The relation of the bony anatomy to osteoarthritis of the hip was studied by Ecker et al 18 in 94 arthritic hips and compared with the anatomy in 25 non-arthritic hips. They found several radiological indices to be significantly different between the two groups, including the α angle, the presence of the pistol-grip deformity, lateral centre-edge angle, extrusion index, and the presence of a cross-over sign. Wenger et al 24 studied the incidence of structural hip abnormalities in 31 patients diagnosed with labral tears. They found that only four patients (13%) had no detectable radiological abnormalities. Of the 14 patients with a pistolgrip deformity, 13 also had a structural abnormality of the hip. Although these are two of a number of studies confirming the relationship of hip pathoanatomy to osteoarthritis, 3, 6, 24, 25 our study is the first to investigate the impact of this altered anatomy on the progression, rather than the establishment, of osteoarthritis.
Of the two factors that we identified as influencing the progression of osteoarthritis, the medial proximal femoral angle appeared to be the most important. This angle describes the topographic relationship between the femoral head and the greater trochanter in the coronal plane. A varus deformity of the proximal femur will result in a reduced medial proximal femoral angle, as will an isolated overgrowth of the greater trochanter, in which case the proximal femur assumes a configuration of apparent varus. 26 This finding suggests that the position of the greater trochanter in relation to the femoral head is distorted in some hips with cam impingement, leading to abductor dysfunction. Ultimately, this biomechanical imbalance may contribute to the progression of osteoarthritis. This finding might also explain why some hips with femoroacetabular impingement might have reduced abduction clinically.
In light of this relationship between the medial proximal femoral angle and progression of osteoarthritis, the fact that the neck-shaft angle, which also describes the anatomy of the proximal femur, was not associated with progression of osteoarthritis, may seem unexpected. This observation, in turn, suggests that a varus hip will not necessarily become osteoarthritic, as long as the relationship between the femoral head and the greater trochanter is preserved. For this scenario (reduced neck-shaft angle with normal medial proximal femoral angle) to be satisfied, a long femoral neck is necessary. In this case, the femur will have an increased offset, which will consequently improve abductor function, reduce the joint reaction force and, ultimately, reduce the burden on the weight-bearing surface. A positive posterior wall sign was the second factor found to affect the progression of osteoarthritis in hips with cam impingement. 17 The authors recognise the wide 95% CI (1.0 to 99.8) associated with the odds ratios found for the posterior wall sign. This implies a reduced accuracy 20 of the significant p-value (0.047) calculated by the logistic regression model, and could be attributed to the somewhat limited number of observations in this study. 27 Overall, the smaller odds ratio of the posterior wall sign (10.2) compared with that of the medial proximal femoral angle (18.7), combined with its wider confidence intervals, confirm, in the author's opinion, the fact that it is probably of lesser importance than the medial proximal femoral angle as a factor contributing to the progression of osteoarthritis of the hip. However, the statistical significance and its clinical implications cannot be ignored.
The posterior wall sign is usually accompanied by the cross-over sign, 16 both denoting retroversion of the acetabulum. A positive cross-over sign was observed in 54% of the hips that progressed, as opposed to 27% in those that did not. The absence of a statistically significant effect on the possibility of progression of osteoarthritis (p = 0.08) might again possibly be explained by the small sample size.
A positive posterior wall sign in the presence of a negative cross-over sign implies that the acetabulum is still anteverted, although less than the normal 15° to 20°. This was observed in two hips only; progression of osteoarthritis was observed in both those hips after ten years (Fig. 4) . Combined with the cross-over sign being very close to reaching statistical significance, the authors believe this means that, for a hip with a pistol-grip deformity, the orientation of the acetabulum also influences its degenerative potential.
Our findings have clinical implications. The treatment of femoroacetabular impingement comprises a spectrum of options, ranging from open or arthroscopic management of intra-articular soft-tissue damage to excision of the cam lesion or recession of the acetabular rim. When hip dysplasia or acetabular retroversion is recognised, an acetabular osteotomy may also be considered. The recognition of the role of the distorted anatomy of the proximal femur may likewise add one more treatment option, especially in younger patients, that being perhaps a distal transfer of the greater trochanter or a specialised proximal femoral osteotomy to restore the medial proximal femoral angle. In this case, the Morscher 28 or the Wagner 29 osteotomies would be two procedures worth considering.
This study has some limitations. The sample size is relatively small and, as previously mentioned, may account for us not being able to substantiate a significant contribution of the cross-over sign, despite the presence of a considerable difference in its prevalence between the groups. In addition, we assessed and measured anteroposterior plain radiographs. The α angle was originally described on axial cuts of MR images. When examining cam impingement on plain radiographs, the cross-table lateral view in 15° of internal rotation and the Dunn view in 45° of flexion are considered the most sensitive for early lesions. 30 However, it has been suggested that, when the cam lesion is evident on an AP radiograph, it is usually of more advanced stage. 6 The cross-over and the posterior wall signs are sensitive to the degree of forward pelvic tilt in the sagittal plane. 31 This is especially true with pelvic radiographs obtained in the supine position, 32 such as were used in our study. Every effort was made to minimise errors in measurements by set- Radiographs showing a) an example of early osteoarthritis (Tönnis grade 1) in a left hip with a positive posterior wall sign and a negative cross-over sign and b) after more than ten years, progression to Tönnis grade 2 osteoarthritis is seen.
Fig. 4a
THE JOURNAL OF BONE AND JOINT SURGERY ting criteria for acceptable radiographs and having the same reviewer (NVB) conduct all measurements. These essentially strict criteria are also largely responsible for the size of the sample in this type of study. Finally, we did not take into account clinical parameters such as the body mass index and the activity level of the patients and their individual perception of symptoms. However, our study was purely radiological in nature; also, the fact that the two patient groups (progressive vs non-progressive osteoarthritis) did not differ in their median age minimises the impact of this limitation.
The results of this study suggest that mild to moderate osteoarthritis in hips with a pistol-grip deformity will not progress rapidly in all patients, with one-third of them taking at least ten years to manifest, although we have no evidence that it will ever do so. Other structural aspects of the hip, namely an abnormal geometry of the proximal femur and acetabular version are, when present, partly responsible for this progression. A hip with cam impingement is not always destined for end-stage arthritic degeneration.
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